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TRANSONIC WIND-TUNNEL INVESTIGATION OF AN INLET MODEL
OF A SUPERSONIC FIGHTER-BOMBER ATRPLANE¥

By Arvo A. Luoma and Joseph D. Brooks
SUMMARY

An investigation.of” the internal aerodynamic characteristics of a
l/l5-scale model of the inlet of a supersonic fighter-bomber airplane
was made in the Langley 8-foot transonic tunnel at Mach numbers from
0.60 to 1.10. The model included the forward part of the airplane fuse-
lage with wing stubs incorporating sweptforward twin-duct wing-root
inlets. Various angles of attack, angles of sideslip, and mass-flow
ratios were investigated. Information on pressure recovery and distor-
tion of the duct flow at the station corresponding to the engine face
was obtained.

The average total-pressure ratio and the total-pressure distortion
at the engine face were primarily affected by changes in mass-flow ratio
and angle of attack. Changes in angle of sideslip had slight effect on
these flow parameters,

INTRODUCTION

The present investigation of the internal aserodynamic characteris-~
tics of a l/l}-scale model of the inlet of a supersonic fighter-bomber
airplane was made in the Langley 8-foot transonic tunnel at Mach numbers
from 0.60 to 1.10., The model had sweptforward twin-duct wing-root inlets
designed for operation at Mach numbers up to 2.0. Other investigations
of sweptforward inlets at Mach numbers from 1.0 to 2.0 are reported in
references 1 to 3.

The purpose of the present investigation was to provide information
at transonic speeds on the pressure recovery and the flow distortion at
the duct station corresponding to the engine face and on the static-
pressure fluctuations in the diffuser. The results on the static-pressure




fluctuations are presented in reference 4. The results on pressure
recovery and on the magnitude and pattern of the total-pressure distor-
tion at the duct station corresponding to the engine face are presented
herein, These results were obtained at mass-flow ratios from approxi-
mately 0.52 to 0.88, at angles of attack from -4° to 10°, and at angles

of sideslip from -5

to each side of the body for reducing the height of the boundary-layer

diverter.

SYMBOL:S
cross-sectional area of duct at station corresponding to
engine face

projected area of inlet (5.00 sq in. on model)

Mach number of undisturbed stream

local static pressure of flow in duct at station corre-
sponding to engine face

average (arithmetical) static pressure of static tubes on
engine~face survey rake

local total pressure of flow in duct at station corre-
sponding to engine face

total pressure of undisturbed stream

mass-flow-weighted éverage total pressure of flow in duct

R
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at station corresponding to engine face,

6 to 10°. Tests were alsoc made with a "glove" attached
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A PouVoo

maximum value of local total pressure measured by engine-
face survey rake

minimm value of local total pressure measured by engine-
face survey rake

total-pressure distortion of flow in duct at station corre-

sponding to engine face,
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> 5
radial location in duct at station corresponding to engine

face (see fig. 1)

radius to outer wall of duct at station corresponding to
engine face

local velocity of flow in duct at station corresponding
to engine face

velocity of undisturbed stream

Al

duct mass-flow rate, L/ oV dA
A

W

PeaV cofip

angle of attack of model, based on reference line of body

duct mass-flow ratio,

angle of sideslip of model

angular displacement of radial rows of total-pressure
tubes on engine-face survey rake (see fig. 1)

local mass density of flow in duct at station corresponding
to engine face

mass density of undisturbed stream

APPARATUS AND METHODS

Tunnel

This inlet investigation was made in the Langley 8-~foot transonic

tunnel, which has a slotted test section that permits continuous testing
through the transonic speed range. The tunnel operates at a stagnation
pressure approximately equal to atmospheric pressure., A detailed descrip-
tion of the tunnel and the calibration are presented in reference 5.
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Model

The model used in this investigation was a sting-supported, 1/13-
scale model of a supersonic fighter-bomber airplane. The model included
the forward part of the airplane fuselage with wing stubs incorporating
sweptforward twin-duct wing-root inlets, A drawing of the model is shown
in figure 2, and photographs of the model are shown as figures 3 and k.
The two ducts from the wing-root inlets merged into a single duct which
had an exit at the body base. The station at which the ducts merged was -
0.93 inch downstream of the station corresponding to the engine face.

The cross section of each duct was semielliptical at the inlet and semi-
circular at the merging station (fig. 2(a)). The variation of the total
duct cross-sectional area (normal to the model center llne) with fuse-
lage station is shown in figure 5.

Tests were alsoc made with a glove attached to each side of the
fuselage (figs. 2 and 4). The gloves widened the fuselage and reduced
the height of the boundary-layer diverter. A motor-driven throttling
plug at the base of the model was used during the test runs to vary the
mass flow in the model duct (fig. 2(a)).

Instrumentation and Tests

Two survey rakes consisting of total-pressure and static-pressure
tubes were used in the model - one rake at the duct station corresponding
to the engine face for pressure-profile studies and a second rake near
the exit of the duct for mass-flow measurements, Mass-flow values were
also computed from the pressure data obtained with the engine-face sur-
vey rake., The mass-flow values presented herein are the average of the
two rake values, which agreed well.

The layout of the total-pressure and static-pressure tubes in the
engine-face survey rake is given in figure 1; several of the rake tubes
leaked or were plugged during the tests and are not shown in the figure.
The duct divider in the model extended downstream of the engine-face
?urvey §ake, and a rake-support tube formed an inner wall of the flow

fig. 1).

A strain-gage attitude transmitter was used for measuring angle of
attack for tests in which the model was pitched in a vertical plane, or
for measuring angle of sideslip for tests in which the model was yawed
in a vertical plane. The instrument was mounted in the fuselage and
yielded angle-of-attack or sideslip data that were independent of bal-
ance and sting deflection due to load.




Data were obtained at mass-flow ratios which generally varied from
approximately 0.68 to the maximum obtainable (throttling plug at down-
stream limit). Some data were obtained at mass-flow ratios down to 0.52.
The angles of attack, angles of sideslip, and Mach numbers at which data
were obtained are shown in table I. A transition strip consisting of a
0.2-inch-wide strip of no. 60 carborundum grains shellacked on the fuse-
lage 5.5 inches from the fuselage nose was used for one run. The average
Reynolds numbers of the undisturbed stream based on a length of 1 foot
were 3.4 X 106 at the test Mach number of 0.60 and 4.0 X lO6 at the test
Mach numbers of 0.90, 0,95, and 1.10.

Accuracy

The estimated accuracy of the data is as follows:
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RESULTS

Basic Results

The basic data are presented in figures 6 to 10 as the radial varia-
tion of the local total-pressure ratio pt/pt » &bt the engine face for
2

various mass-flow ratios, angles of attack, angles of sideslip, and Mach
numbers., The total-pressure plots were faired to the static-pressure
values at the inner and outer walls of the duct. The inner and outer
walls of the duct were not instrumented for static-pressure measurements,
and it was assumed that the static pressure on the walls was the same as
that measured by the nearest static-pressure tube on the survey rake,
Information about the configurations and test conditions and an index

of the basic figures are given in table I, ‘

Summary Results

The variation of the average total-pressure ratio Cpt>av/Pt,m

and the average static-pressure ratio pav/Pt o wit?.mass-flow ratio
50

is shown in figures 11 to 14 for the various configurations and test
conditions. Coutour plots of the local total-pressure ratio Pt/pt o
L P ' )




at the engine face as seen looking downstream are presented in figures 15
and 16 for the basic configuration at various test conditions. The effect
of mass-flow ratio on the total-pressure distortion Apt/(pt)av‘ at the

engine face is presented in figure 17 for various angles of attack and
sideslip. ‘

DISCUSSION

Pressure Recovery

The average total-pressure ratio at a given Mach number generally
was a maximum at the lowest mass-flow ratio tested and gradually decreased
with an increase in mass-flow ratio until inlet choking was approached
(as indicated by the abrupt decrease in average total-pressure ratio with
an increase in mass-flow ratio). The increase in average total-pressure
ratio that occurred with a decrease in mass-flow ratio appears to be
characteristic of sweptforward inlets, as shown by the results of refer-
ence 1. However, the improvement in pressure recovery at low mass-flow
ratios is generally accompanied by an increase In external drag because
of the increased spillage from the inlet. The average total-pressure
ratio for the basic configuration was 0,98 at an angle of attack of O,
an angle of sideslip of 0°, a mass-flow ratio of 0.70, and a Mach number
of 0.90 (fig. 11). An increase in Mach number decreased the average
total-pressure ratio by a small amount, at most by approximately 2 per-
cent at mass-flow ratios below inlet choking (figs. 11 to 14).

The average total-pressure ratio at an angle of sideslig of 0° was
essentially unaffected by changes in angle of attack from -4~ to 4O at
mass-flow ratios of 0.70 and less (fig. 11). At these low values of
mass-flow ratio, an increase in angle of attack above 4° decreased the
average total-pressure ratio. For example, at a mass-flow ratio of 0.70,
an increase in angle of attack from 4° to 10° resulted in a decrease in
average total-pressure ratio of 3 percent at subsonic speeds and of
i percent at a Mach number of 1.10. At mass-flow ratios higher than
0.70, a change in angle of attack from 0° in either a positive or a
negative direction decreased the average total-pressure ratio. At a
mass-flow ratio of 0.80, for example, .an increase in angle of attack
from O° to 10° resulted in a decrease in average total-pressure ratio
of 5 percent at subsonic speeds and of 6 percent at a Mach number of 1.10.
The maximum obtainable test mass-flow ratio at an angle of sideslip of 0°
decreased as the angle of attack was changed from 0°, This decrease
amounted to approximately 5 percent as the angle of attack was changed
from 0° to 109, The addition of a transition strip to the fuselage nose
ahead of the inlet had no effect on the average total-pressure ratio, as
is indicated by the flagged symbols in figure 11.




The effect of angle of attack on the average total-pressure ratio
was somewhat different for the model at an angle of sideslip of -5.2°
(fig. 12) than at an angle of sideslip of 0° (fig. 11). At angles of
attack of L° and above, the average total-pressure ratio was generally
higher (at most by 1 percent) at an angle of sideslip of -5.2° than at
an angle of sideslip of 0°.

The effect of angle of sideslip on the average total-pressure ratio
at an angle of attack of O° was small for the basic configuration
(fig. 13) and for the basic configuration with fuselage gloves (fig. 1k4).
The small effect of angle of sideslip on pressure recovery is attributed
to the action of the fuselage vortices in thinning the fuselage boundary
layer on the downstream side of the fuselage (ref. 2).

The addition of the fuselage gloves had small effect on the average
total-pressure ratio (figs. 13 and lh); the maximum effect amounted to a
reduction of 2 percent and occurred at a Mach number of 1.10 at mass-flow
ratios near 0.70. The gloves also affected somewhat the variation of
average total-pressure ratio with angle of sideslip at these test
conditions.

Total-Pressure Contours

At an angle of attack of 0°, the flow was fairly uniform at the
lower mass-flow ratios (fig. 15). An increase in mass~flow ratio at an
angle of attack of O° resulted in an increase in flow nonuniformity,
particularly in the upper half of the duct. At a given mass-flow ratio,
an increase in angle of attack from O° to 10° resulted primarily in an
increase in flow nonuniformity in the lower half of the duct. The effect
of Mach number on the contour plots of figure 15 was rather small. A
change in angle of sideslip caused some unsymmetrical changes in the
contour plots, but the overall effects were small (fig. 16).

Total-~-Pressure Distortion

An increase in mass-~-flow ratio considerably increased the total-
pressure distortion Apt/(pt)av particularly as inlet choking was

approached (fig. 17). At a constant mass-flow ratio, the total-pressure
distortion increased with an increase in angle of attack starting at 0°
(figs. 17(a) and 17(b)), as previously indicated by the contour plots.
The effect of angle of attack on distortion increased with an increase
in mass-flow ratio. The transition strip on the fuselage had a negligi-
ble effect on total-pressure distortion (fig. 17(b)). Adding the gloves
to the fuselage or varying the angle of sideslip of the model had an




insignificant effect on the total-pressure distortion (fig. 17(0)). An
inerease in Mach number increased the total-pressure distortion slightly.

CONCLUSIONS

An investigation of the internal aerodynamic characteristics of a
l/l5-scale model of the inlet of a supersonic fighter-bomber airplane
was made in the langley 8-foot transonic tunnel at Mach numbers from 0.60
to 1.10. The model included the forward part of the airplane fuselage
with wing stubs incorporating sweptforward twin-duct wing-root inlets.
Mass-flow ratios from 0.52 to 0.88, angles of attack from -4° to 10°,
and angles of sideslip from -5C to 10° were investigated. The following
conclusions applicable to the duct flow at the engine face are indicated:

1. The average total-pressure ratio at a given Mach number generally
was a maximum at the lowest mass-flow ratio tested and gradually decreased
with an increase in mass-flow ratio until inlet choking was approached.

An increase in Mach number decreased the average total-pressure ratio by
a small amount. ‘

2. An increase in angle of attack from 0° to 10° decreased the aver-
age total-pressure ratio at most by approximately 6 percent at mass-flow
ratios below inlet choking.

3, The average total-pressure ratio at an angle of attack of 0° was
essentially unaffected by a change in angle of sideslip or a decrease in
the height of the boundary-layer diverter by the addition of gloves to
the fuselage.

k. The total-pressure distortion increased with an increase in mass-
flow ratio and an increase in angle of attack from OO, but it was essen-
tially unaffected by a change in angle of sideslip or the addition of
gloves to the fuselage.

Langley Research Center,
National Aeronautics and Space Administration,
langley Field, Va., December 19, 1958.
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TABLE T
CONFIGURATIONS, TEST CONDITIONS, AND INDEX OF BASIC FIGURES
. . Model o, B, ,
Configuration condition M deg deg Figure
Smooth 0.90, 0.95, |4 to 10 0 6
and 1.10
Transition (0.90 and 1.10 |-4 to 10 0 T
strip on
Basic fuseldge
Smooth 0.90, 0.95 |4 to 10| -5.2 8
and 1.10
Smooth 0.60, 0.90, 0 -5 to 10 9
0.95, and 1.10
Basic with Smooth |0.90 and 1.10 0 -5 to 10} 10

fuselage gloves

OO



O Total-pressure tube

Radial
Desoription jocapion, r % A Static-pressure tube
Inner wall 0.312 ¢.217
Ring 1 Lk '?PE
Ring 2 .638 iy
Ring .905 529
Ring 4 1.110 .'172
Ring 5 1.285 .39k —r
‘Outer wall 1.438 1.600
0° Ring 2
Ring 3
g
' § Ring Lt
345° 15° / 8
——eo
Ring 5
Duct divider
ca ~
i
s | g h
y .
2950 « -~ " 650
) g %
Y \
\
Outer wall - : N
/ | \
]
I i t »
. ) R
\ 72 7
N /
1
‘ AN |
o
215° /] 115
My
7 s
[ //
~ O\
‘Inner wall - - Y e
Right duct Left duct
195°, 165°

Figure 1.- Location of total-pressure and static-pressure tubes on sur-
vey rake in duct at station corresponding to engine face. View

looking downstream. All dimensions are in inches unless otherwise
indicated.
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: L-89261
Figure 3.~ Basic configuration installed in Langley 8-foot transonic
tunnel.
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L-89411

(a) Plan view.
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Pigure 4.- Basic configuration with fuselage gloves.



L-89410

(b) Side view.

Figure 4.~ Concluded.
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8 W/We,w0.68 F’ | W/ Wg=0.86 ,
0] .2 4 6 8 1.0 0 .2 4 6 8 .0

Radius r(iﬁo, r/R'

(2) M =0.90; o =--4°,

Radius r(;tio, /R

Figure 6.- Radial variation of total-pressure ratio at various angles

of attack, mass-flow ratios, and Mach numbers.
B = 0°.

Basic configuration.
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Total-pressure ratio, Pt/Pt o
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! N
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84
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(b) M = 0.90; a = 0°.

Figure 6.- Continued.
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Total-pressure ratio, p; /p; o
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Figure 6.- Continued.
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Figure 6.- Continued.
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Figure 6.- Continued.
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Left duct

Right duct

a=0"
w/wep= 088

w/wep =083

wwp=078

whigy=0.53 -

a=10°

wiweo =068

(b) M = 0.95.

Figure 15.- Continued.
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Left duct

Right duct

a=0"

w/we =0.87
With transition sirip

a=Q’
w/wen= 084

Q79

With transition strip

a=0°

w/We

a=0
Q70

W/

10°
0.83

With transition strip

a

W/

1o
079

a
WWeD

i0°
068

a

wwg

(¢) M =1.10.

Figure 15.~ Concluded.
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